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181–182, 302, 413, 466, 524

Adalia bipunctata, 191, 205–206, 213, 215, 216
adaptive deme formation hypothesis, 449
adaptive immunity, 114, 161, 181
aetiology/aetiological agent, 324, 372–377
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buceros, 132
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agent-based models (ABMs), 199–200
aggregated parasite distribution, 63, 417, 558
agricultural ecosystems, 429
Akaike Information Criterion (AIC), 237–238,

240, 627, 631, 636
alcelaphine herpesvirus type 2, 133
Alexander, H. M., 164
Allee effects, 210, 547
Alytes

muletensis. See toads, Mallorcan midwife
obstetricans. See toads, common midwife

Ampelomyces quisqualis (Cicinnobous cesatii), 447,
449

amphibian–Bd systems, 511–516
direct extinction, 528

abiotic reservoirs, 528–534
biotic reservoirs, 534

extinction of small populations, 535
host population decline, 519–524
integral projection model (IPM), 520–521

inclusion of temperature dependency,
523

recovery from Bd-induced population
declines, 537–538

sublethal effects of Bd on amphibian hosts,
536–537

temperature and Bd load, 526–527
transmission dynamics and reproduction

number, 516–519
variability in Bd virulence, 524–526

amphibians, 369

amphipod crustaceans, native and invader,
265–268

enemy release, 283–286
intraguild predation, 269–271
parasites, 266–268
parasites and predation on higher-order

prey, 271
parasites and predation on lower-order

prey, 271–272
parasitism and cannibalism, 272–274

Anaplasma, 131
centrale, 132, 152
marginale, 132, 152
omatjenne, 152
phagocytophilum, 75

anaplasmosis, 132
Anderson and May’s epidemiological models,

63, 91, 225–226, 231, 235, 418, 557
anorexia, 99
antelope, Saiga, 408, 412
anthelmintic treatments

buffalo, 134
rabbits, 613–616
Soay sheep, 97–99, 101

anther-smut disease, 188, 201
age-specific resisistance, 163–167
evolution of resistance in age-structured

populations, 172–173
implications, 178–182
invasion of adult and juvenile resistance

genes, 173–176
numerical dynamics of adult and

juvenile resistance genes, 176–178
evolution of resistance in non-

age-structured populations, 167–170
genetic variation in resistance, 164
pathogen life cycle, 163–164
transmission, 164
virulence, 164

anthrax, 469
antibodies, 106, 114, 181

anti-nuclear (ANA), 107, 111
auto, 373
effect of immunosenescence, 111
faecal, 113
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IgA, 105, 106, 107, 603, 615
IgE, 106
IgG, 106, 107, 111, 603, 615
Mycobacterium bovis, 346
Mycoplasma, 585
Mycoplasma gallisepticum-specific, 580
Puumala hantavirus, 74
Rift Valley Fever virus, 145
strongyle-specific, 107–109
T helper cell–mediated, 613

antigens, 114, 373
antimicrobial peptides (AMPs), 17–19
Aonchotheca (=Capillaria) muris-sylvatica, 74
apex predator, 321, 326, 336
Aphanomyces astaci, 263, 288
aphids, 204, 463, 489, 499
Aphis nerii, 489, 499
apidaecin, 17
Apis mellifera, 190, 209
Apodemus, 70

flavicolis. See mice, yellow-necked
sylvaticus. See mice, wood

apparent competition, 275
Arabidopsis, 450
armyworm, African, 227, 492
armyworm, fall, 230–231, 240–241, 255

cannibalism and reduced infection rates,
253–254

effect of warming on baculovirus
transmission, 240–241

moths, 188, 492
soybean-induced defences against

baculoviruses, 243–246
arrested development, 299, 402, 408–409
Artemia

franciscana, 288
parthenogenetica, 288

Asclepias, 480, See also milkweeds
curassavica, 486, 488, 489, 499–500
incarnata, 486, 487, 488

ash dieback, 430, 445
aspergillosis, 116
assortative contact, 195, 197–198, 200
Atepolus, 528
Austropotamobius pallipes, 262
avian influenza virus, 492, 566

Babesia, 131
bovis, 133
microti, 75
occultans, 133

babesiosis, 133
Bacillus Calmette–Guerin (BCG) vaccine, 345
Bacillus licheniformis PWD1, 207
baculoviruses, 226, 227–231, 254, 255

eco-evolutionary dynamics, population
structure and transmission, 246–250

effects of cannibalism, 253–254
effects of warming on transmission,

239–241
epizootics, transmission and experiments,

231–235

field transmission experiments, 232, 240
long-term dynamics, 235–237
plant defences and transmission, 241–246

badgers, bovine tuberculosis (bTB) in, 342,
344–346, 362

among-group transmission, 353–355
attempts to control, 345, 459, 463
capture–mark–recapture model, 349–350
diagnostic testing, 346
directions for future research, 360–362
disease management, 356
disease pathology, 347–349
historical transmission routes, 352
mechanism underlying sex differences,

350–351
population demography, 356–357

integrated population model (IPM),
357–360

predictive models, 347
social group living, 353
social networks, 355
within-group transmission, 353

Bartonella, 74
basic reproductive number/ratio/rate (R0), 33,

52, 66–70, 326, 332, 588, 589, 623, 630,
631

Chlamydia, 207
determining parameters, 140–142
effect of covariance, 37–39

Batrachochytrium dendrobatidis (Bd), 263, 287,
369, 468, 511, See also amphibian–Bd
systems

natural history, 512
bats, 369
Bibersteinia trehalosi, 372
bighorn sheep pneumonia, 368–370,

371–372, 391–392
areas for further research, 391
compartmental (SIR-like) disease

transmission models, 388–390
domestic Caprinae spillover, 378–379
management of in the wild, 390–391
pathogen control, 379–381
population viability analysis (PVA), 386–387
seasonality, 381–383
sheep life history and subspecies, 370–371
system aetiology, 372–377
trade-offs between transmission and

virulence, 377–378
transmission and prevalence, 384–385

biodiversity–parasitism relationships, 282,
287, 288

biosecurity, 288–289, 290
birds. See also individual species

childhood-like diseases in, 161
inhibition of infections, 215
migration and immunity, 495
sex biases in transmission of STIs, 207
STIs and promiscuity, 205
transmission of STIs, 207

bison, 251, 252–253
Black Death, 624
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black-capped chickadees, 585
blue jays, 480
bluegill sunfish, 460, 465, 468, 471
bluetongue virus, 133
Bombus

lucorum, 9
terrestris, 4, 6, 8, 9–10, 13, 14, 15, 21, See also

Crithidia bombi
Bordetella bronchiseptica, 602, 612–613
bovine ephemeral fever virus, 133
bovine herpesvirus 1, 133
bovine herpesvirus 4, 133
bovine tuberculosis (bTB), 69, 131–135, See also

badgers, bovine tuberculosis (bTB) in
gastrointestinal worms and, 135–144
Rift Valley Fever virus and, 144–146

bovine viral diarrhoea, 133
Brock ELISA, 346
BrockTB StatPak antibody test, 346
Brucella abortus, 131, 132
brucellosis, 131, 132, 134, 152, 566

Bayesian state–space model of
transmission, 251, 252–253

buffalo, African
gastrointestinal worms and bovine

tuberculosis infection, 135–144
interaction of Rift Valley fever and bovine

tuberculosis, 144–146
interactions between gastrointestinal

worms, 146–151
Kruger National Park study, 134–135
multi-parasite interactions, 151–154
parasites and diseases, 130–131

buffalo, Cape, 69
bumblebees. See Bombus; Crithidia bombi
Bunostomum trigonocephalum, 101
butterflies. See monarch butterflies

Caligus clemensi, 545, 546, 547, 552–553
Calluna vulgaris, 298
cancers, transmissible, 322, 324, 327, 334,

335–336
Candida, 205
canine distemper, 368, 369, 567
canine transmissible venereal tumour (CTVT),

324, 327, 333, 334, 335
cannibalism, 253–254, 269, 272–274, 276,

279, 281,
Capillaria, 101
Capra hircus, 371
capture–mark[–release]–recapture (CMR/

CMRR), 349–350, 358, 590–592, 593
cardenolides, 480, 481, 485–488, 489,

499–500
lipophilic, 489

cats, feral, 336
Ceriodaphnia, 467, 473, 474

dubia, 460
Chabertia ovina, 101
Chaoborus. See midge larvae
chasmothecia, 439–440, 443–444, 448
childhood disease, 161

Chlamydia, 190, 200, 205, 207, 211–212,
213–214, 215, 217

abortus, 132
pecorum, 188, 214
pneumonia, 132

chytridiomycosis, xix, 263, 369, 511, 512, 534,
536

Cicinnobolus, 447
cesatii, 447

climate change, 473
effect on baculovirus transmission, 226,

230, 239–240
effect on koala populations, 212
effect on predatory functional responses,

272
effects of warming on reindeer–nematode

interactions, 606–608
effects of warming on the rabbit–helminth

system, 605–609
effects on migration, 499
effects on oak powdery mildew, 433,

447–448
parasite spread and, 263

clonal theory, 13
Clupea pallasii pallasii, 548
coccidia, 77–78, 79, 80, 101, 152
coccidiosis, 303
Coccipolipus hippodamiae, 190, 191, 201–203,

204, 205, 209, 212, 216
coefficient of variation, 194, 196, 197,

234–235, 241
coevolution. See host–parasite coevolution
coinfection, 58–62, 297

experimental approaches to quantifying
interspecific parasite interactions,
75–79

findings from wild rodent studies, 79–81
future issues in the study of, 82–83
helminth–helminth models, 63–66, 71–73
helminth–microparasite models, 66–70
helminth–microparasite studies, 73–75
in laboratory rodents, 59
rabbit–helminth system, 609–613, 617
studies and theory of within-host

interaction, 62–63
studies in wild rodents, 70–71

community assembly, 71, 146–151
community structure

invasive species/parasite interactions and,
265, 266, 281–282

parasite, 62–63, 148–149
compartmental models, 388–390
competitive release, 275, 336
contact network, 327–328, 329, 356, 382

sexual, 198, 200
Cooperia, 131

fuelleborni, 132, 148–151
hungi, 132

corixids, 465
Cormack–Jolly–Seber (CJS) model, 349, 358
corridor disease, 133
covert infections, 227–228, 232, 236, 254
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coyotes, 467
Crangonyx pseudogracilis, 266, 269, 270,

284–286
crayfish, 262
crayfish plague, 263, 288
crickets, 188, 210, 495
Crinia signifera, 369
Crithidia. See also Crithidia bombi

expoeki, 6
mexicana, 6

Crithidia bombi, 6–9
defence against, 16–20
effect of microbiota, 20–23
genetics, 11–16
infection dynamics, 15–16
prevalence in space and time, 9–10

critical community size, 623
Cryptosporidium, 101, 131

bovis, 133
ubiquitum, 133

Cucumispora ornata, 284
Culex, 369
culling, 463

of badgers, 459, 463
selective, 464–466

cytokines, 105, 135–136, 145, 327, 603–604

damselfly
larvae, 474
nymphs, 469

Danaus plexippus. See monarch butterfly
Daphnia, 14, See also Daphnia–parasite–

predator system
dentifera, 52, 460, 464, 465
magna, 460, 465
pulicaria, 460, 465
retrocurva, 460, 465

Daphnia–parasite–predator system, 460,
472–473

disease suppression/promotion
mechanisms

consumption of carcasses and/or spore
spreading, 470–472

fuelling of spore production by trophic
cascades, 472

reduction in host density, 463–464
selective culling, 464–466
shifts in competitor community

composition, 467
shifts in host demography or class

structure, 466–467
shifts in predator community

composition, 468
trait-mediated indirect effects (TMIEs),

468–469
Darwin, C., 301
defensin, 17
density-dependent prophylaxis (DDP), 19,

254, 464
density-dependent recruitment, 358–360

density-dependent transmission. See
transmission, density-dependent

deterministic systems/modelling
frameworks, 146–149, 199, 200, 328,
329, 497, 530

Dianthus pavonius, 164, 165, 167, 174, 176, 180,
182, 183

Dikerogammarus
haemobaphes, 266, 284
villosus, 266, 284

dilution effect, 467
diptericin, 180
directly transmitted parasites, 100
disassortative contact, 195, 197–198, 200
disease promotion/suppression. See Daphnia–

parasite–predator system
disease spread. See also superspreaders

coevolution and sexual reproduction, 39
covariance and, 37–39, 46–50
genetic diversity and, 45–46
genetic models of, 33
heterogeneity in sexual contact and, 192,

198, 200
in spatially structured hosts, 343–344
mechanistic mathematical models,

225–227, 237
disease triangle, 432
Dreissena polymorpha, 266
Drosophila, 180
drug-resistance, 563–564
Dual Path Platform antibody test (DPP), 346

East Coast fever, 133
Echinorhyncus truttae, 268, 269–271, 273, 274,

284
ectoparasites, 58
effective partner acquisition rate, 196
Ehrlichia, 131

ondirii, 132
ruminantum, 132

Eichhornia crassipes, 266
Eimeria, 77, 80

apionodes, 78
hungaryensis, 76, 78

emerging infectious diseases (EIDs), 266, 321,
336, 511, 565, 567

endemic infection, 263, 266, 287, 344, 443,
586, 587–588, 593, 613

virulence evolution, 588–590
endoparasites, 58
enemy release, 262, 282–286, 288
Entomophaga maimaiga, 230
enzootic, 511, 528, 530–534, 537–538
epidemics

childhood, 161
fungal, 464
models of, 433
tree, 445
wild plant, 429

epidemiological feedbacks, 39–40
epizootics, 231, 234–235, 241–243, 250,

252–253, 255, 326, 372, 516, 550, 555
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epizootics (cont.)
amphibian–Bd systems, 526, 530–533, 535,

538
chytridiomycosis, 511
consequences of cannibalism, 253
effect of covert infections, 227
plague–great gerbil system, 632, 634, 637
sea louse, 562
short-term, 237–238, 240–241

Erysiphe, 451
alphitoides, 442–445, 447, 449–450, 451
hypophylla, 442–443
quercicola, 443–445, 449–450

Escherichia coli, 18, 145, 215
eucalypt beetle–Parobia interaction, 201–203,

204, 207, 208
exploitation model, 66
extirpation, 383, 511

faecal egg count (FEC)
effect of tolerance, 116
McMaster egg counting technique, 102
reindeer–parasite system, 403, 413–416
Soay sheep–parasite system, 96–97, 98, 102,

103–106, 116
Felis catus, 336
Fibrillanosema crangonycis, 286
field transmission experiments, 229,

232–233, 238, 240, 242, 246, 249
fish predation. See Daphnia–parasite–predator

system
Flamingolepis liguloides, 288
Flavobacterium columnare, 563
fleas, 74, 624–625, 629, 630–631, 633–636,

637–638
floating pennywort, 266
foot and mouth disease, 131, 133, 326
force of infection, 15, 40, 50, 147, 517, 528,

534, 604–605, 635
age-related, 172, 173
effect of climate warming, 606–608
interannual variation, 102, 105
Mycoplasma ovipneumoniae, 377, 382
STIs, 194, 212
Tasmanian devil facial tumour disease, 328,

330, 333
foxes, red, 336, 467
froglet, common eastern, 369
frogs

American bullfrog, 263
Cuban tree, 527
lowland leopard, 519
mountain yellow-legged, 512, 516, 519,

530–533, 534
northern corroboree, 369
Pacific chorus, 534
whistling tree, 537

functional response, 263, 271–272, 273,
287

type II, 556, 560
type III, 236

Fusobacterium necrophorum, 372

Gambusia affinis, 262
Gammarus, 281, 287

duebeni celticus, 266, 268, 269–271, 272–274,
276, 283

pulex, 266, 269–271, 272, 274, 276, 283–284
tigrinus, 266, 269, 270, 283

Gasterosteus aculeatus, 549
GB virus C, 215
gene expression, 12, 17, 20, 309–311, 603
gene-for-gene model of host–parasite

compatibility, 11, 35, 164, 450
Generalized Threshold Mixed Model, 633
genital tract infection, 211, 213
gerbils, 71

great. See plague–great gerbil system
giant liver fluke, 566
Giardia lamblia, 78
Gilliamella apicola (Orbaceae), 21
Global Panzootic Lineage (BdGPL), 526
global warming, 255
goats, 368, 370, 371, 378–379, 383
goldfinches, American, 580, 584, 585
gonorrhoea, 191
Gram-negative bacteria, 18
Graphidium strigosum, 601, 602

coinfection, 610, 611–613
dynamics of infection, 604–605
effects of climate and seasonality, 606–609

growth–defence trade-off hypothesis, 450
Gryllodes sigillatus, 188
gypsy moth

baculoviruses, 230–231, 236–237, 255
evolutionary dynamics, 246, 249, 250
genotype-by-genotype effects, 254
tannin-induced defences, 242–246, 250
transmission, 235

haemonchosis, 132
Haemonchus, 131

contortus, 101, 132, 148–151
placei, 132, 148–151

Haemorhous mexicanus. See house finch
Handicap Principle, 301, 307
hare

mountain, 420
snowshoe, 420

healthy herds hypothesis, 458, 459, 460, 464,
471, 474

heartwater, 132
Heligmosomoides

mixtum, 74
polygyrus, 73, 74, 75–77, 78
polygyrus bakeri, 73, 76
polygyrus polygyrus, 76

Helix aspersa, 188, 211
herring, 546, 547

Pacific, 548
Hesperomyces virescences, 188
heterogeneity, xxii, 82, See also rabbit–

helminth system
contact and disease transfer, 352
defence, 91
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in immune response, 604
in infectivity, 342, 343, 347, 353
in sexual contact, 192–198, 200, 206,

212–213, 216
Soay sheep–parasite system, 102–106, 113,

115–116
TB transmission and, 139
transmission dynamics and, 233, 235, 237,

240–241, 242–243, 246–248, 250, 252
HIV, 66, 129, 215
honey bees, 19

sexually transmitted infections (STIs), 190,
209

horizon scanning, 263, 287, 290
horses, 189
host

defences, 16–20, 109, 604
intermediate, 6, 42–43, 63, 268, 271, 274
population demography, 344, 356–360
range, 378–379, 574

host density, 232, 252, 269–271, 275, 283, 529,
538

contact rate and, 517
disease spread and, 576
effects on basic reproductive number, 33
intensity of O. gruehneri infection and,

416–419
parasite abundance and, 299, 398
predator-driven reduction in, 461–464
thresholds, 565, 634–635
virulence and, 40–41

host–parasite coevolution, 18
disease spread and sexual reproduction, 39
effect on covariance and genotype

frequencies, 37–38, 52
environmental effects, 255
genetic basis, 11–16
genetic models, 32–33, 52
Potamopyrgus–Microphallus, 45, 47

House Finch Disease Survey, 585
house finch–M. gallisepticum system, 161, 566,

574–575
capture–mark–release–recapture analyses,

590–592
changes in disease prevalence and host

population size, 581–583
seasonal variation in disease prevalence,

576–577
experimental tests of, 580–581
mechanisms causing, 579

virulence evolution, 583–584
changes in patterns of, 586–587
in endemic populations, 588–590
in non-equilibrium conditions, 587–588
single evolutionary lineage, 584–586

hyacinth, 266
Hydrocotyle ranunculoides, 266
hymenoptaecin, 17
Hymenoscyphus fraxineus, 430

immune priming, 13, 19–20, 114–115
immune system, 17, 19, 61, 161, 302, 362, 603

defences, 106–107, 114, 304
effect of resource levels, 472
mechanism for evading, 324, 327
parasitic effects on, 129, 135, 144
self–non-self recognition, 34
stress-induced enhancement, 468

Immunocompetence Handicap Hypothesis
(ICHH), 301, 302, 303, 304, 310

immunomodulation/immunosuppression,
69, 109, 112, 300, 303, 304, 310–311,
350, 382, 496

immunoparasitology, 96, 118
immunosenescence, 111
individual-based models (IBMs), 64–66, 94,

333, 347, 450, 529, 530
infection intensity, 65

bees/parasitic cells, 7–8, 13, 22
effect of tolerance, 116
reindeer–nematode system, 409, 413–416
strongyle, 103, 112
wild salmon, 546, 553
within-host dynamics and, 382

infectious bovine rhinotracheitis, 133
infracommunity, 71
innate immunity, 302
integral projection [or population] models

(IPMs)
amphibian–Bd systems, 520–523
badger–bTB system, 357–360
Soay sheep system, 116–117
Tasmanian devil facial tumour disease, 329,

333, 336
interactionist parasite communities, 58,

62–63, 83
intraguild predation (IGP), 263, 266, 269–271,

281, 474
cannibalism and, 272–274
density-mediated model, 275–278
on lower-order prey, effects on parasites,

271–272
trait-mediated models, 279–280

invasive alien species (IAS), 262–265, See also
amphipod crustaceans, native and
invader

effect of parasitic interations on
community structure, 281–282

horizon scanning, predicting andmanaging
impacts, 287–289

inverse gene-for-gene model of host–parasite
compatibility, 11

inverse matching alleles model of host–
parasite compatibility, 34, 38, 45

isolationist parasite communities, 58, 62, 73,
78, 83

iteroparity, 206
Ivermectin, 76, 78
Ixodes ricinis, 75

keratoconjunctivitis, 211
koalas, 188, 190, 200, 211–212, 213–214, 215,

217
Koch’s postulates, 326, 372–373, 374, 574
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Lactobacilli, 215
Lactobacillus (Bifidobacteriaceae), 21
ladybirds, STIs in, 190, 191

behaviours and reduced infection risk,
208–209

Coccipolipus interaction, 201–203
density-dependent transmission, 210
geographical and seasonal variation in

prevalence, 205–206
impact of male-killing bacterial symbionts,

215–216
promiscuity and prevalence, 204–205
stablising factors, 212–213

Lagopus lagopus scoticus. See red grouse
latent period, 202, 206, 330
Leishmania, 6
Lepeophtheirus salmonis, 545–547, 553
Lepomis macrochirus. See bluegill sunfish
Leptomonas, 6
Leptospira, 101, 132
Lithobates yavapaiensis, 519
Litoria verreauxii verreauxii, 537
lizards, 204
lobsters, 463
lumpy skin disease virus, 133
lungworm, 372
Lymantria dispar. See gypsy moth
Lyme disease, 458–459, 467

macroparasite–macroparasite interactions,
146–151

macroparasite–microparasite interactions
coinfection studies, 59, 73–75
gastrointestinal worms and bovine

tuberculosis infection, 135–144
models, 66–70
theory of, 68–69

macroparasites, xix, 58, 91, 112, 115, 134,
324, 514, 635

effect of diet on burden, 472
epidemiology, 116
evolution of virulence, 563
heterogeneity in burden, 102–103
host–macroparasite models, 63, 556–558
regulation of host population, 397, 400, 419

Major Histocompatibility Complex (MCH),
324, 327, 335

malaria, 66, 181
malignant catarrhal fever, 133
malnutrition, 97, 109–111
Mannheimia haemolytica, 372, 373
Marshallagia marshalli, 401, 413, 420

effects on reindeer body condition and
reproduction rates, 409–413

free-living stages of, 406–409
observational studies of life history, 403–404
seasonal fluctuations in infections, 404–406

matching alleles model of host-parasite
compatibility, 34, 36, 39, 45–46, 52

matrix population models (MPMs), 116
mean-field approximation, 198, 199, 329, 347
medication, plastic vs. fixed, 490–491

Mehdinema alii, 188
Meles meles. See badgers, bovine tuberculosis

(bTB) in
Melophagus ovinus, 101
metapopulation, 164, 326
Metschnikowia, 52, 460, 464, 465, 470

bicuspidata, 459, 460, 465
mice, 70, 71, 73, 467

coinfection studies, 59
deer, 78
New Holland, 336
white-footed, 78, 420
wood, 70, 72, 73, 76, 79, 80
yellow-necked, 70, 74

microbiota, 450, 598
impact of mating and partner diversity,

204–205, 215
in Soay sheep, 113
in social insects, 20–23

Microbotryum, 163
microparasite–macroparasite interactions,

144–146, See also macroparasite–
microparasite interactions

microparasites, 58, 59, 112, 134, 324, 514
coinfection studies, 73–75
diagnostic techniques, 152–153
immune response, 74
model, 276
mutation, xix
vaccinations, 154

Microphallus, 32, 43–45
adaptation and disease spread, 45–46
covariance and disease spread, 46–50

Microtus agrestis. See voles, field
midge larvae, 460, 466–467, 468–469, 471,

472–473, 474
midge, phantom, 460
migration, 566

birds, 495
bumblebee, 10
butterfly. See under monarch butterflies
effect on parasite dynamics, 492–493
parasite, 45
salmon, 544, 547, 564

migratory allopatry, 492, 545, 547
migratory culling, 492, 494–495, 496, 497,

500–502
migratory escape, 492, 493–495, 497, 500,

566
milkweeds, 480, 482, 484, 493, 496

availability, 499–500
effect of toxins on host–parasite

interactions, 485–488, 502
influences on the pharmaceutical and

nutritional traits of, 488–489
trait-mediated indirect effects (TMIEs), 484
vaccination theory, 489–490

monarch butterflies
cascading TMIEs in the parasite system,

488–489
effect of medicinal milkweeds on parasite

virulence evolution, 489–490
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evolution of medication behaviour,
490–491

migration, 480–482
effect on immunity and host–parasite

evolution, 495–497
infection dynamics and, models of,

497–498
multi-trophic interactions and, 499–502
parasite infection and, 493–495

milkweed toxins, TMIEs, and host–parasite
interactions in, 485–488

parasite system, 480–482
toxicity of, 480
trait-mediated indirect effects (TMIEs), 484

Moniezia, 132
mosquito, 369
mosquito fish, 262
Muller’s ratchet, 39
mussels, zebra, 266
Mycobacterium

bovis, 131, 132, 134, 136, 137, 144, 345–346,
347–349, 353, 356, 357, 359, 362

tuberculosis, 136
Mycoplasma conjunctivae, 369
Mycoplasma gallisepticum. See house finch–M.

gallisepticum system
Mycoplasma ovipneumoniae, 372–377

carriage patterns, 380–381
fade-out, 388–390
host range and spillovers, 378–379
seasonality, 382
spatial structuring and disease

transmission, 383–384
spillover risk, 386
transmission and prevalence, 384–385
transmission and virulence, 377–378

mycoplasmal conjunctivitis, 574, 578,
580–581, 584, 592

Myodes glareolus. See voles, bank
myxoma virus, 588

natural selection, 95, 99, 115, 246–247, 250,
254–255, 333, 357, 484, 490

negative binomial distribution, 102, 103, 418,
558

Neisseria gonorrhoeae, 191
Nematodirus, 132
Nemhelix bakeri, 188, 211
network-based models, 198, 356
newts, spotted, 527
Noctuidonema guyanese, 188
Nosema apis, 209
Notophthalmus viridescens, 527

oak powdery mildew, 429–432, 450
climate-driven seasonality, 433, 439–441
evolution of resistance to, 445–447
growth–defence trade-off, 450–451
models incorporating host growth

dynamics, 448–449
pathosystem, 442, 443–445, 450–452

pathosystem models capturing long-term
behaviour of, 447–448

occlusion bodies, 227–229, 231, 241
Oesophagostomum, 101, 132
Oncorhynchus. See salmon, Pacific
Ophryocystis elektroscirrha, 482–484

effect of milkweed toxins and TMIEs on
interactions with host, 486–488

effect of multi-trophic interactions and
migration on host infections, 499–502

effect of seasonal migration on host
infections, 493–495

effect of TMIE cascades, 489
host, 486–488
transmission models, 497–498

ordinary infectious disease (OID), 191, 198
Orycetes monoceros, 188
Orycionema genitalis, 188
Oryctolagus cuniculus, 334
Osteopilus septentrionalis, 527
Ostertagia gruehneri, 401, 420

effect on reindeer fitness, 417–418
effects on reindeer body condition and

reproduction rates, 409–413
model of fecundity and intensity of

infection, 413–416
observational studies of life history,

403–404
seasonal fluctuations in infections,

404–406, 408
ovine herpesvirus type 2, 133
Ovine SNP50 Beadchip (Illumina), 95
Ovis

aries, 371, See also sheep, Soay
canadensis. See bighorn sheep
canadensis canadensis, 370–371
canadensis nelsoni, 370–371
canadensis sierrae, 370

Oxidation Handicap Hypothesis (OHH),
304–305, 310

oxidative stress, 303

Pacifastacus leniusculus, 263
pair approximation, 199–200
pandemic, xix
panmixis, 10
Parabronema, 132
parainfluenza 3 virus, 101, 133
Parobia. See eucalypt beetle–Parobia

interaction
Passer domesticus. See sparrows, house
Pasteurella, 372, 373, 385

multocida, 372
Pasteuria, 470–471

ramosa, 460, 465
pathogen accumulation hypothesis, 447
pathosystem, 429–432, 442, 443, 445,

447–448, 450–452
percolation theory, 630–633
Peromyscus, 71, 79, 80

leucopus, 78, 420
maniculatus, 78
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phenology, 565
fungus, 442
ladybird, 206, 212, 216
oak, 442
tree, 433, 446, 448, 449, 450

phocine distemper virus, 161, 368, 369
Phyllactinia spp., 442
phyllosphere, 432, 446–447, 451
pigeons, 495
plague–great gerbil system, 624–625

abundance threshold, 625–630
as percolation phenomenon, 630–633
automated monitoring of, 639–641
effects on invasion and persistence,

636–637
spillover, 633

cyclic time series, 637–639
hyperbolic joint host–vector threshold,

633–636
plant defences, 241–246, 250, 450
plant diseases, 429, 432, See also anther-smut

disease; oak powdery mildew
climate-driven seasonality and interannual

transmission, 433
juvenile resistance, 161–163

plants, medicinal. See milkweeds
Pleistophora mulleri, 268, 269–270, 272–274,

276, 283
pneumonia. See bighorn sheep pneumonia
Poecile atricapillus, 585
Polycaryum laeve, 465
polygyny/polyandry, 192, 196, 205, 207, 546
population viability analysis (PVA), 386–387
Possum TB, 187
Potamopyrgus antipodarum, xxii, 32, 42, 52

covariance and disease spread, 46–50
genetic diversity and disease spread, 45–46
parasites, 42–45

powdery mildews, 443, See also oak powdery
mildew

grapevine, 442, 447
phylogeny, 442
tropical, 440

predation, 555, See also Daphnia–parasite–
predator system; intraguild predation
(IGP)

multi-host food webs, 559–562
parasite-mediated with a single prey

species, 556–559
parasites that escape, 562

prevalence, 9–10, 204–205, 384–385, 576–581
primates, 161, 180, 189, 206, 208
Project FeederWatch, 585
Protostrongylus, 372
Pseudacris regilla, 534
Pseudomys novaehollandiae, 336
Pseudophryne pengilleyi, 369
Puumala hantavirus, 74
Pythium, 161

Quercus, 242, 450
petraea, 449

robur, 446, 449
rubra, 242

rabbit–helminth system, 600–602
drug treatment, 613–616
effects of climate and seasonality, 605–609
effects of coinfection, 609–613
future research considerations, 616–618
heterogeneities in responses and dynamics

of infection, 602–605
rabbits, 161, 334, 588, See also rabbit–

helminth system
bacterial infection, 602

rabies, 463
Rana

muscosa, 512, 516, 521, 523, 527, 528, 529,
534

sierrae, 512, 516, 528, 537
Randomised Badger Culling Trial (RBCT), 345
Rangifer tarandus, 398

platyrhynchus. See reindeer, Svalbard
rat, black, 336
Rattus rattus, 336
red grouse

female ornamentation and male mate
choice, 305–307

genomic basis of chronic parasite burden,
311–313

parasites, 298–299, 458
parasitic effects

effect of environmental variation in
response to, 307–309

effects of testosterone, 303–305
on physiology and expression of sexual

traits, 302–303
on population dynamics, 299–301, 400
short-term gene-expression responses

to, 309–311
selective predation of, 464

regulation (of host population dynamics),
356–357

reindeer, Svalbard
effects of warming on reindeer–nematode

interactions, 606–608
models of population dynamics and the

consequences of including the effect of
parasites on fitness, 416–420

parasite fecundity and intensity of
infection, 413–416

parasite life-history differences and
seasonal changes in infections,
402–409

parasite system, 398–402
parasitic effects on body condition and

reproduction rates, 409–413
reservoir host, 288, 544, 547–550, 564, 624,

626
reservoir, environmental, 327, 528–533, 535
resistance, 115–117, 524, 537–539

age-related, 161–163, See also anther-smut
disease

growth–defence trade-off, 450–451
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phyllosphere microbial interactions and
intrinsic, 445–447

Rhombomys opimus. See plague–great gerbil
system

Rickettsia, 215
Rift Valley Fever virus, 131, 133, 134, 144–146
robin, American, 369

Saiga tatarica. See antelope, Saiga
Salmo salar. See salmon, Atlantic (farmed)
Salmo trutta, 268, 550
salmon, Atlantic (farmed), 547, 548, See also

salmon–sea louse system
salmon, Pacific, 493, See also salmon–sea louse

system
chinook, 547, 548
chum, 548, 550, 552, 556, 559–562
coho, 548, 550, 551, 556, 559, 561, 562
cutthroat trout, 547, 548, 550, 556
pink, 548, 549, 550–552, 554–555, 556,

559–560, 561–562
sockeye, 548, 550, 551, 552–555

Salmonella, 205, 215
salmon–sea louse system, 544–545

anthropogenic changes to, 545–552
conservation and management issues,

564–565
effects of interspecific competition, 554–555
effects of intraspecific competition,

552–554
evolution of drug resistance, 563–564
evolution of virulence, 563
host species, 548
multi-host food webs, 559–562
parasite-mediated predation with a single

prey species, 556–559
Sarcophilus harrisii. See Tasmanian devil
SARS, 327
Save the Tasmanian Devil Program (STDP),

326
Schistosoma, 52, 131

mattheei, 132
schistosomiasis, 132
sea lice, 493, See also salmon–sea louse system
sea urchins, 463
seals, 161

harbour, 369
SEI models. See Susceptible–Exposed–Infected

(SEI) models
SEIR models. See Susceptible–Exposed–

Infected–Recovered (SEIR) models
semelparous organisms, 545, 547
sex differences in disease susceptibility,

350–351
sexual selection, 3, 297

effect on STI epidemiology, 206–207
ornamentation in female red grouse and,

305–307
theoretical models, 301, 310

sexually transmitted infections (STIs),
187–192

dynamics of coinfections, 214–216

effect of mating rates and sexual selection,
206–207

epidemiological dynamics of, 192–194
epidemiology in natural populations,

201–204
geographical and seasonal variation in

prevalence, 205–206
host behaviours and reduced infection risk,

208–210
importance of non-sexual transmission for,

213–214
intercohort transmission, 206–206
modelling heterogeneity in sexual contact,

193–198
network approximations, 199–200
promiscuity and prevalence, 204–205
sex biases in transmission of, 207
stabilising factors in STI–host dynamics,

210–213
sheep, bighorn. See bighorn sheep pneumonia
sheep, domestic, 377, 383, 390

gastrointestinal nematode species, 402
Old World, 371
spillover, 378–379

sheep, Soay, 420
dynamics and diversity of parasites,

100–102
immune function and fitness, 107–109
immune priming, 114–115
immune response to strongyle infections,

106–107
malnutrition and disease susceptibility,

109–111
measurement of parasites, 94–95
population dynamics and diversity, 97–100
population history, 92–94
predictors and consequences of

heterogeneity in nematode burden,
102–106

research on individual-scale processes,
111–113

suitability as a study population, 95–97
use of integral projection models (IPMs),

116–117
shrimp

brine, 288
demon, 266
Ponto-Caspian ‘killer’, 266

SImodels. See Susceptible–Infected (SI) models
Silene, 201

acaulis, 163
latifolia, 164, 165, 166, 182
maritima, 164
rupestris, 164, 166

SIR models. See Susceptible–Infected–
Recovered (SIR) models

SIS models. See Susceptible–Infected–
Susceptible (SIS) models

SIV infection, 189, 206
smallpox, 251
snails, 206, 211, 466, See also Potamopyrgus

antipodarum
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social immunity, 19
soybean, 243–246
Spanish Flu, xix
sparrows

house, 369, 468, 581, 585
rufous-collared, 207

spillback, 547
spillover, 146, 263, 282, 368, 378–379, 386,

502, 547, 567, 633
Spinus tristis. See goldfinches, American
Spirobacillus cienkowskii, 465, 470
Spiroplasma, 216
Spodoptera, 254

exempta. See armyworm, African
frugiperda. See armyworm, fall

squirrels, Cape ground, 209
Staphylococcus aureus, 391
starlings, European, 495
Stercorarius skua, 92
stickleback, 546, 547

three-spined, 549
STLV infection, 206
stochastic systems/processes, 146–149, 199,

200, 214, 535
models, 333, 357, 450, 530

storks, Spanish white, 499
strongyle nematodes, 95, 99, 100–102

association with TB, 136
effect of warming on, 117
faecal egg count, 103–106
immune response to, 106–109, 114

subclinical infections, 398
supershedders, 343, 369, 534, 611, 612, 613
superspreaders, 207, 327, 328, 342, 347, 362,

369
susceptible hosts, 66, 140, 170, 172, 227, 249,

329, 360, 388, 432, 439, 517, 520, 535,
579, 623–624, 630

Susceptible–Exposed–Infected (SEI) models,
328, 347

Susceptible–Exposed–Infected–Recovered
(SEIR) models, 229, 231, 243, 249, 254,
276, 347

Susceptible–Infected (SI) models, 66, 136, 137,
347, 349, 536

Susceptible–Infected–Recovered (SIR) models,
66, 141, 170, 433, 434–435, 557

Susceptible–Infected–Susceptible (SIS)
models, 517, 518

swans, Bewick’s, 492
Syncerus caffer. See buffalo, African

tadpole–trematode system, 474
Taenia hydatigena, 101
Tasmanian devil facial tumour 2 (DFT2), 335
Tasmanian devil facial tumour disease (DFTD),

321–324
conservation actions and research, 323–327
evolution, 330–333
future directions for research, 334–336
quantifying transmission to identify

control options, 327–329

quantifying transmission to predict
epidemic outcome, 329–330

Taylorella
asinigenitalis, 189
equigenitalis, 189

Teladorsagia circumcincta, 100, 105, 114, 401
testosterone, 207, 300–301, 303–305, 308,

310–311, 350, 382
Th1/Th2 immune response, 74, 106, 135–136,

137, 603–604
Theileria, 131, 152–153

buffeli, 133
mutans, 133
parva, 133, 153
velifera, 133

theileriosis, 131
threshold population size, 192
Thylacinus cynocephalus, 321
ticks, 75–76, 131, 135, 152
toads

common midwife, 528, 529, 536
Mallorcan midwife, 519, 526, 527

tolerance, 8, 111–112, 115–117, 481, 524,
538–539, 602

factors effecting, 111–112
monarch butterfly infection, 484, 486–488,

489, 496
nutrition-dependent, 111
oak powdery mildew, 446, 450–451
Tasmanian devil tumour disease, 333

trait-mediated effects (of parasitism),
263–265, 275

models of, 278–281
trait-mediated indirect effects (TMIEs), 117

cascading, 488–489
Daphnia–predator system, 468–469
plant-mediated, 484
resource quality and, 241

transmission. See also individual species and
infections

among-group, 353–355
density-dependent, 40–41, 102, 169, 192,

210, 236, 253, 276, 461, 519, 535, 550,
565

frequency-dependent, 163, 169, 174, 192,
194, 201, 214, 253, 329, 330, 391, 518,
528, 535

horizontal, 227, 279, 482, 580
intercohort, 206–206
mass-action, 630, 633
sexual. See sexually transmitted infections

(STIs)
social, 200
trophic, 562
vertical, 6, 190, 200, 214, 215, 227, 254, 284,

498
within-group, 353

transmission trade-offs. See virulence, trade-
offs between transmission and

tree swallow, 215
Trichostrongylus, 100, 131
Trichostrongylus defexus, 132
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Trichostrongylus retortaeformis, 601
coinfection, 610–613
drug treatment, 614–616
dynamics of infection, 602–605
effects of climate and seasonality, 606–609

Trichostrongylus tenuis, 297–299, 458
effect of testosterone, 303–305
effect on host’s gene-expression responses,

309–311
effects on host physiology and the

expression of sexual traits, 302–303
genomic basis of susceptibility to, 311–313
within-pairs infection, 306

Trichuris, 132
muris, 83

trickle infections, 82, 114
trophic cascades, 275, 278, 321, 326, 336, 466,

472
trout, 512, 550, 553

Atlantic sea, 550
brown, 268
cutthroat, 547, 550, 556
Dolly Varden, 550

Trypanosoma equiperdum, 189
trypanosomes, 12, 13, 24
tuberculosis (TB), 66, 129, See also bovine

tuberculosis (bTB)
Turdus migratorius, 369

urinary tract disease, 211
Ustilago violacea, 188

vaccination theory, 489–490
Varroa mites, 190
virulence, 3, 8–9, 38, 276, 286, 332, 524

anther-smut disease, 164
classic and cryptic, 279
covert infections and, 254
density-dependent, 39, 40–41
effect of medicinal plants on, 484, 486,

489–490
effect of migration on, 496–497, 500–502

evolution in salmon–sea louse system, 563
evolution of in house finch–M. gallisepticum

system, 583–584, 593
changes in patterns, 586–587
in endemic populations, 588–590
non-equilibrium conditions, 587–588

evolution of in plant parasites, 431–434
in STIs, 208
levels of, 413
pathogen evolution and, 246
salmon–sea louse system, 545
trade-offs between transmission and,

377–378, 437–439, 447–448, 449–450,
484, 490

variability in Batrachochytrium dendrobatidis
(Bd), 524–526, 537

voles
bank, 71, 72, 74
field, 71, 74–75

Vuillemin, P., 447
Vulpes vulpes, 336

Watanabe–Akaike Information Criterion
(WAIC), 238

West Nile Virus, 369
white nose syndrome, 369
Withering-Syndrome Rickettsia-Like

Organism (WS-RLO), 566
Wolbachia, 215
World Organization for Animal Health (OIE),

288

Xenopsylla spp., 624

Yersinia pestis. See plague–great gerbil system

zebra finch, 207
Zonotrichia capensis, 207
zoonosis, 74, 131, 146, 633
zoospores, 471, 512, 519, 520–521, 523
Zootoca vivipara, 204
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